Abstract. Decreased expression of ten-eleven translocation (TET1, TET2 and TET3) proteins has been reported in various types of cancer. However, the expression levels of TET proteins in cervical cancer (CC) remain to be elucidated. The present study determined the levels of TET1, TET2 and TET3 transcripts in cancerous (n=80) and non-cancerous cervical tissues (n=41). The results revealed a significant reduction in TET1 transcripts (P=0.0000001) in cervical tissue samples from patients with primary CC compared with samples from control patients. Significantly decreased TET1 transcript levels, as compared to non-cancerous cervical tissues, were also observed in tissue samples with the following characteristics: Stage I (P=0.016), II (P<0.0001), III (P=0.00007) and grade of differentiation G1 (P=0.026), G2 (P=0.00006), G3 (P=0.0007) and Gx (P=0.0004) and squamous histological type (P<0.00001). TET1 transcript levels were significantly lower in patients aged 45-60 years (P=0.0002) and patients age >60 years (P=0.003), as compared with non-cancerous cervical tissues. TET2 transcript levels were lower in cervical cancer tissues classified as stage II (P=0.043) and TET3 transcript levels were lower in stage III samples (P=0.010), tissue samples with a grade of differentiation of G3 (P=0.025) and tissue with squamous type histology (P=0.047), all compared with non-cancerous cervical tissues. The present study demonstrated a significantly reduced level of TET1 transcripts in cancerous cervical tissues, as compared with non-cancerous tissues. Furthermore, decreased TET1-3 transcript levels were identified when patients with CC were stratified by clinicopathological variables, as compared with non-cancerous cervical tissues.
Introduction
Cervical cancer (CC) is one of the most common solid tumors in females worldwide, and has a high mortality rate (1) (2) (3) due to asymptomatic development of the disease delaying diagnosis (4, 5) . CC is a gynecological malignancy associated with oncogenic human papillomavirus (HPV) infection (6, 7) . In addition to HPV infection, other factors affect the development of CC, including immunological disorders and genetic malfunctions such as point mutations, deletions, amplifications and rearrangements of DNA (6) . Previous studies have suggested that epigenetic changes may significantly impact cervical carcinogenesis (6) (7) (8) (9) .
Epigenetic alterations are heritable traits that impact the regulation of gene expression without altering the DNA sequence (10) . These traits control genetic and transcriptional activity during growth, differentiation or organism adaptation to environmental changes (6) . One epigenetic mechanism of DNA methylation consists of cytosine methylation in cytosine-phosphate-guanine (CpG) dinucleotide islands, located in the promoter region of numerous genes (6, 11, 12) . During malignant transformation, CpG islands become hypermethylated, silencing the expression of suppressor genes and leading to a loss in the control of cell proliferation (13, 14) . By contrast, the hypomethylation of oncogenes increases cell division and enhances the metastasis of cancer cells (14) . The process of methylation has been well characterized in recent years, but the underlying mechanism of demethylation, particularly during carcinogenesis, remains to be elucidated (6, 15, 16) . Ten-eleven translocation (TET) proteins have an important role in DNA demethylation, with reduced expression observed in various tumors (6, 13, (17) (18) (19) (20) (21) (22) .
The TET protein family includes TET1, TET2 and TET3 (10, 23) . The TET1 and TET3 proteins use the CXXC zinc motif to bind to5-methylcytosine (5-mC) in CpG islands (16, 17, 24) . The TET proteins have been revealed to catalyze the oxidation of 5-mC to 5-hydroxymethylcytosine Transcript levels of ten-eleven translocation type 1-3 in cervical cancer and non-cancerous cervical tissues (5-hmC) (25) . Subsequently, 5-hmC is oxidized to 5-formylocytosine (5-fC) and 5-carboxycytosine (5-caC), eventually converting 5-mC to cytosine (13, 17, 26) . This transformation may contribute to unlocking the promoter regions of suppressor genes and facilitating the development of cancer (8, 13, 16) . Low TET expression levels are correlated with decreased 5-hmC levels in malignant tissues and with clinicopathological features in various primary cancer tissues (13, 17, 20, 22, 27) . However, little is understood regarding the levels of TET expression in cervical cancerous and non-cancerous tissue. Therefore, the present study evaluated the expression levels of TET1, TET2 and TET3 transcripts in cervical cancerous (n=80) and non-cancerous (n=41) tissues. Furthermore, the TET1, TET2 and TET3transcript levels were compared in patient groups stratified by clinicopathological variables in primary CC and non-cancerous cervical tissues. (28) . Cancerous and non-cancerous cervical tissue samples were obtained following protocol approval by the Local Ethics Committee of Poznań University of Medical Sciences. Oral and written informed consent were obtained from all participants in the study. A portion of the tissue sample was immediately snap-frozen in liquid nitrogen and stored at -80˚C until RNA isolation. The remaining portion was used for histopathological assessment, which was performed by an experienced pathologist (Greater Poland Cancer Centre, Poznań, Poland).
Materials and methods

Patients
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis of TET transcript levels. Frozen tissue was homogenized and total RNA was isolated according to the protocol of Chomczyński and Sacchi (29) . RNA quality was determined spectrophotometrically using a BioPhotometer ® from Eppendorf AG (Hamburg, Germany) and 2% agarose gel electrophoresis. RNA samples were reverse transcribed to cDNA using Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's protocol. RT-qPCR was performed using a Light Cycler1480 real-time PCR detection system (Roche Diagnostics GmbH, Mannheim, Germany) using EvaGreen ® (Solis BioDyne, Tartu, Estonia) as the detection dye. The thermal cycling conditions were as follows: 15 min activation, followed by 40 cycles consisting of 10 sec denaturation at 95˚C, 10 sec annealing at 58˚C, 10 sec at 72˚C. The transcript levels for patients and controls were quantified by the relative quantification method using a calibrator, which is a standard curve described in the Relative Quantification Manual, Roche Diagnostics GmbH (Mannheim, Germany). The calibrator was prepared as a cDNA mix from all samples. For amplification, 1 µl (total 20 µl) of cDNA using 9 µl of 5X HOT FIREPol ® EvaGreen ® qPCR Mix Plus (no ROX) (Solis BioDyne) was used. Primer sequences are presented in Table I . A total of 1 µl of 10 µM primer was used per reaction. All analyses included a negative control without cDNA, each experiment was repeated three times for all samples. The quantity of TET1, TET2 and TET3 transcripts in each sample was corrected by the measurement of porphobilinogen deaminase cDNA levels and expressed as a multiple of the copies in the calibrator. 
Results
Significantly fewer TET1 transcripts (P=0.0000001) were present in primary CC tissue from all patients, compared with non-cancerous tissue from the control group (Table II ; Fig. 1 ). However, there were no significant differences in TET2 (P=0.084040) and TET3 (P=0.068636) transcript levels between these groups (Tables III and IV ; Fig. 1 ). Stratification of patients based on age, the FIGO classification system, grade of differentiation and histological features was performed to evaluate the differences in theTET1, TET2 and TET3 transcript levels between cancerous and non-cancerous tissues. Significantly fewer TET1 transcripts were observed in stage I (P=0.016), II (P<0.0001), III (P=0.00007), grade of differentiationG1 (P=0.026), G2 (P=0.00006), G3 (P=0.0007) and Gx (P=0.0004) and squamous histological type (P<0.00001) cervical tissue samples, compared with non-cancerous tissue (Table II) . TET1 transcript levels were significantly higher in CC tissue samples from patients aged 45-60 (P=0.0002) and patients aged >60 years (P=0.003), compared with controls (Table II) . Furthermore, lower TET2 transcript levels were observed in CC tissue samples characterized as stage II (P=0.043), and lower TET3 transcript levels were detected in samples characterized as stage III (P=0.010), with a grade of differentiation of G3 (P=0.025) and a squamous histological type (P=0.047), compared with samples from the non-cancerous control group (Tables III and IV) . However, there were no significant differences between TET1, TET2 and TET3 transcript levels for I vs. II, III or IV, II vs. III or IV and III vs. IV FIGO stage (data not shown). Additionally, there were no significant differences between these transcript levels for G1 vs. G2, G3 or Gx, G2 vs. G3 or Gx and G3 vs. Gx for grade of differentiation, as well as for the histological type (data not shown).
Discussion
The involvement of TET1, TET2 and TET3 proteins in active demethylation at CpG islands in DNA has been previously documented (14, 16, 30) . A previous study reported that the three mouse Tet proteins (Tet1, Tet2 and Tet3) may catalyze a similar reaction (12) . TET1 is crucial for mouse embryonic stem (ES) cell maintenance via the regulation of methylation and the expression of the gene Nanog, which encodes a transcription factor essential for self-renewal of undifferentiated ES cells (12) . A loss of TET proteins in ES cells has been demonstrated to be involved in the maintenance of DNA methylation patterns at several other DNA methylation regions (31) .
The role of TET proteins in malignant transformation has been reported in animal models (12, 32) . Removal of TET function induces the development of aggressive myeloid leukemia in a mouse model (32) . TET1 expression is responsible for DNA methylation of tissue inhibitors of metalloproteinase proteins 2 and 3 (TIMP2, TIMP3) in prostate and breast cancer (19) . Reduced levels ofTET1, TET2 and TET3 have been associated with decreased 5-hmC levels in human breast, liver, lung, pancreatic and prostate cancer compared with the surrounding non-cancerous tissue (20) . Decreased TET1 expression levels correspond to reduced 5-hmC levels in breast, prostate and hepatocellular cancer compared with normal tissue (19, 22) . Du et al (27) demonstrated that the loss of 5-hmC in tumors is correlated with the downregulation of TET1 expression.
of cases ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rawłuszko-Wieczorek et al (13) observed reduced levels of TET1, TET2 and TET3 mRNA in in colorectal cancer tissue compared with non-cancerous tissue. The decreased TET1, TET2 and TET3 mRNA levels were associated with various groups, including age, gender, cancer localization, histological grade, tumor node and metastasis classification. Furthermore, this study also demonstrated that patients with elevated TET2 transcript levels have more favorable overall survival (13) . Another previous study demonstrated significantly lower levels of TET1 transcripts and protein in gastric cancer, which was correlated with gender, age and certain clinicopathological features including tumor localization, depth of invasion, lymph node metastasis, histological grade and histological type (17) . Du et al (27) used liquid chromatography mass spectrometry/mass spectrometry to demonstrate very low levels of 5-fC and 5-caC and decreased levels of 5-hmC in gastric cancer tissue compared with adjacent non-cancerous tissue. In addition, the authors revealed that the reduction of 5-hmC in gastric cancer was primarily associated with decreased TET1 expression (27) . Using immunochemistry analysis, Müller et al (21) demonstrated that the exclusion ofTET1 from nuclei was associated with a loss of 5-hmC in the genomic DNA of gliomas. The depletion ofTET1 in prostate and breast cancer tissues has also been observed. TET1 deficiency promotes tumor growth, cell invasion and cancer metastasis in prostate xenograft mouse models (19) . Furthermore, TET1 reduction corresponds to a poor survival outcome in patients with breast cancer (19) . Decreased TET1 levels are responsible for maintaining the methylation of TIMP2 or TIMP3, which correlates with advanced node status in clinical samples (19) .
In conclusion, to the best of our knowledge the current study is the first to demonstrate a significant reduction in the levels of TET1 transcripts in cancerous tissues compared with non-cancerous samples. In addition, TET1, TET2 and TET3 transcript levels were revealed to be reduced in patients with primary CC stratified according to their clinicopathological data, in comparison with non-cancerous tissues. The present study did not evaluate TET protein in conjunction with 5-hmC levels. Therefore, further studies are required to evaluate the potential correlation between 5-hmC levels and TET expression in CC tissues, and their associations with clinical characteristics.
